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1  INTRODUCTION 
 
Several works recommend to model the 
spatial objects by agents such as the works 
of [1], [2], [3]. These agents carried a set of 
actions  to  reach  a  goal.  To  do  this,  they 
must have some capacity of environmental 
perception, and communication with other 
agents. Each agent can be generalized itself 
by  applying  the  suitable  algorithm  with 
good  parameters  which  satisfy  certain 
constraints [4]. These constraints can divide 
on  two  types;  internal  and  external. 
However,  the  main  problem  of  this 
approach  does  not  guarantee  an  optimal 
generalization process. 
 
According  to  our  idea,  achieve 
optimal cartographic generalization process 
implied that the agent performs an optimal 
action  which  satisfy  the  different 
constraints.  In  this  paper,  we  propose  to 
provide  the  agent  a  set  of  geographic 
capacity;  perception,  communication  and 
genetic patrimony that allow it to select the 
optimal action. 
 
The paper is  structured as  follows. 
Part  2  briefly  reminds  the  generalization 
process.  Part  3  presents  the  proposed 
approach for optimising the generalization 
process. In part 4, we present some results.  
Finally,  part  5  concludes  and  cites  some 
perspectives of this work. 
 
2  GENERALIZATION PROCESS  
 
The generalization process is defined as 
a  set  of  algorithms  used  to  generalize  an 
object or a set of objects [5]. This process is 
guided by a set of constraints that must be 
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The automatic generalization processes consist 
to derive less detailed spatial data from data too 
detailed.  The  objective  of  this  process  is  to 
provide the user a spatial data adapted to those 
needs.  Several  approaches  are  proposed  to 
automate  this  process.  These  approaches 
include  the  agent-based  approach.  But  the 
central problem of this approach is the selection 
of the optimal action performed by the agent in 
a given moment. In this paper, we proposed an 
approach  that  can  optimize  this  process  by 
satisfying  the  cartographic  constraints.  Our 
approach consist to provide agents geographic, 
genetic patrimony, to enable them choosing the 
optimal  action,  from  where  the  concept  of 
genetic agent. 
 satisfied  [3].  The  main  problems  of  this 
process are: 
 
  Response time is very long. 
  The quality of generalized data is 
too degraded. 
 
To  optimize  this  process,  we  must  find  a 
solution  that  puts  all  the  constraints  in  a 
state  of  maximum  satisfaction.  Therefore, 
we  must  find  within  a  reasonable  time,  a 
compromise that satisfied these constraints 
in  better  for  minimize  the  cartographic 
conflicts. 
 
1.1 Generalization algorithms 
  
To generalize a spatial object there are 
several algorithms, these algorithms can be 
classified by the objects type: 
  Buildings:  simplification  algorithm 
of contour, displacement [6], etc. 
  Roads:  plaster  algorithm  [7], 
Douglas-Peuker  algorithm, 
accordion  algorithm  [8],  and 
faille_max,faille_min[9], 
schematization algorithm, etc. 
 
 Each algorithm is parameterized by a set of 
values. The choice of these values is very 
intrinsic  to  guide  a  good  process  of 
generalization. 
 
1.2 Cartographic Constraints 
 
The objects  in the map database must 
respect  a  number  of  cartographic 
constraints. They can be divided into  two 
categories: 
 
  Constraints relate an isolated object 
(e.g for a building represented by a 
surface to be readable, its size must 
be large enough and its route should 
not be too detailed). 
  Constraints involve multiple objects 
(e.g the symbol of a road should not 
overlap with that of a house). 
 
If  a  cartographic  constraint  is  not 
respected,  this  creates  a  cartographic 
conflict. These conflicts require a solution 
for be remedied. The cartographic conflict 
can  be  addressed  by  a  combination  of 
possible  actions  such  as  elimination, 
displacement, amalgamation and boundary 
simplification,  combined  with  appropriate 
techniques for evaluating the quality of the 
result.  However,  the  application  of  an 
individual operator may have an effect on 
map  objects  that  was  not  previously  in 
conflict, resulting in propagation of conflict 
within  the  map  space.  So,  to  avoid  these 
problems,  we  propose  in  this  paper  to 
model  spatial  objects  by  agents  with 
capabilities  of  perceptions  and 
communication and also it has an optimizer 
which running a genetic algorithm. 
 
3  PROPOSED APPROACH 
 
The Architecture of action selection is a 
set of mechanisms that allows an artificial 
agent to choose at any time, the action to 
perform  based  on  its  perceptions,  its 
memory, its goals and skills. 
 
The  proposed  approach  is  a  hybrid 
multi-agent system, which benefits in high 
the  advantages  of  generic  algorithms  to 
permit  principally  the  agents  to  select 
optimal  action  which  optimize  the 
generalization  process  in  entirety.  The 
population of a genetic algorithm is a set of 
possible  solutions  to  the  problem,  in  our 
case a solution is a suite of generalization 
algorithms with good parametric values to 
resolve all apparent conflicts on a scale map 
data. 
   
3.1 Multi Agent Model  
 
Agent  is  a  concept  of  artificial 
intelligence [10]. An agent can be defined 
as  an  object  which  has  improved 
communication  ability,  perception,  and 
especially  autonomy.  An  agent  can  be 
viewed as a living object decides itself to 
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purpose  and  its  environment.  This 
distribution of decision-making allows us to 
give  all  staff  a  particular  behaviour.  This 
set,  called  Multi  Agent  System.  But 
selecting the optimal action to execute is an 
intrinsic problem in these systems. 
 
In this context, Multi Agents are groups of 
collaborative  agents,  which  cooperate  to 
achieve a common goal.  Each “Agent”, as 
described  above,  is  a  member  of  a  group 
whose  purpose  is  to  optimise  its 
generalization process. 
 
3.2 Genetic Algorithms 
 
Genetic  algorithms  are  developed  by 
John  Holland  in  1975  [11]  to  imitate  the 
phenomena adaptation of living beings. 
 
They are optimisation techniques based on 
the  concepts  of  natural  selection  and 
genetics.  It  searches  an  optimal  solution 
among  a  large  number  of  candidate 
solutions  within  a  reasonable  time  (the 
process of evolution takes place in parallel). 
Each  of  these  solutions  contains  a  set  of 
parameters  that  completely  describe  the 
solution. This set of parameters can then be 
considered the “genome” of the individual, 
with each parameter comprising of one or 
more “chromosomes”. [12] 
 
They allow a population of solutions 
converging  step  by  step  toward  optimal 
solutions [13]. To do this, they will use a 
selection  mechanism  of  the  population  of 
individuals  (potential  solutions).  The 
selected  individuals  will  be  crossed  with 
each  other  (crossover),  and  some  will  be 
mutating  by  avoiding,  whenever  possible, 
local optima. 
 
They are used primarily to treat both 
problems [13]: 
 
  The  search  space  is  large  or  the 
problem has a lot of parameters to 
be optimized simultaneously. 
  The  problem  can  not  be  easily 
described by a precise mathematical 
model. 
 
We are combining multi-agent systems with 
Genetic  Algorithms,  for  optimizing  the 
generalization  process.  Therefore,  our 
proposal  is  based  on  the  following  three 
points: 
  Collaborative Agent: to manage the 
local  generalization  optimisation 
process  and  to  exchange  relevant 
information  with  neighbouring 
Agents  (agents  which  have  a 
conflict with it).  
  Genetic  patrimony  which 
transformed  between  agents,  are 
used  as  inputs  to  the  genetic 
algorithm. 
  Genetic  Algorithms:  to  research 
optimal  solution  for  the 
generalization process. 
 
4  System architecture  
 
4.1 Geographic Agent 
 
               Each  geographic  agent  has  three 
main components: 
 
  Patrimony genetic. 
  An  optimizer:  using  the  genetic 
algorithm  to  find  the  optimal 
solution  according  to  the  internal 
constraints or relationships ones. 
  Ability  to  communicate  with 
neighbouring agents. 
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In  this  context  we  consider  two  main 
types  of  agent;  road  agent  and  building 
agent.  In  the  following,  we  represent  the 
patrimony of these two types: 
 
4.2.1  Road gene  
 
An agent road can be characterized 
by its identified, and a set of algorithms that 
can  be  applied  on  it  to  perform  its 
generalization.  These  algorithms  can  take 
parameters. The coding of gene is made by 
multiple forms; we use character code for 
coding  the  identifiers,  the  binary  form  to 
encode  the  application  or  not  of  such 
algorithms  (0  to  say  that  the  algorithm  is 
not applied, 1 for say that the algorithm is 
applied) and the real forms to encode the 
parameters  of  the  algorithms.  So,  we  can 
represent  agent  roads  by  the  following 
schema: 
 
 
 
 
   
 
 
 
   
 
Figure 1. Genetic road Agent 
 
 
4.2.2  Building gene 
 
An agent Building can be characterized 
by its identifier and by their generalization 
algorithms:  simplification  algorithm  and 
algorithms of displacement. The same type 
of coding the road gene is used to encode 
this type of gene. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Genetic building agent 
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Figure 3 presents the architecture of a genetic agent: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Architecture of Genetic agent 
 
4.4 Optimizer  
 
         The  optimizer  executes  the  genetic 
algorithm. It follows the classical steps of a 
genetic  algorithm  are  selection,  crossover 
and  mutation.  The  solution  is  refined 
gradually  over  the  iterations  until 
convergence to a solution that approaches 
the  optimal  solution,  a  certain  degree  of 
imperfection  is  acceptable.  The  solution 
here  is  a  set  of  algorithms  with  good 
parameters which minimize conflicts: 
 
a)  Selection  
 
In  this  work,  we  used  steady-state 
selection [13]. The main idea is that much 
of  the  population  can  survive  in  the  next 
generation.  The  genetic  algorithm  then 
works as follows: in every generation a few 
chromosomes  are  selected  (among  those 
with  the  best  cost)  to  create  children 
chromosome.  Then,  the  worst 
chromosomes  are  removed  and  replaced 
Environnement 
Genetic Agent 
Perception of 
environment 
 
Message received 
from conflicts agents 
Optimizer 
  Creation of 
population 
Selection  Crossover, mutation 
Evaluation of selection 
Evaluation  Stop ? 
No 
Yes 
Message sent to 
conflict agents 
Optimal action 
Comparative 
system 
Execution 
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survives in the next generation. 
b)  Crossover 
 
It is an operator that is used by genetic 
algorithms.  It  is  the  transposition  of  the 
computer  mechanism  which  permits,  in 
nature,  producing  chromosomes  which 
partially  inherit  the  characteristics  of 
parents. Its fundamental role is to allow the 
recombination of information contained in 
the genetic population. 
 
 
R01| oui- 10
-2 | non-0|   B02 |  B03  R02 
 
R01| oui- 10
-6 | oui-0.12|   B02 |  B03  R02 
 
 
 
 
 
R01| oui- 10
-6 | non-0|   B02 |  B03  R02 
 
R01| oui- 10
-2 | oui-0.12|   B02 |  B03  R02 
 
 
  Figure 4. Crossover operator 
 
c)  Mutation  
 
A change that occurs randomly on 
the  chromosome  [13],  it  aims  to 
maintain  some  diversity  in  the 
population.  This  mutation  occurs  only 
on  a  sufficiently  small  population  to 
avoid destroying the features that have 
been selected but large enough to bring 
new  elements  to  an  individual.  The 
percentage of the mutation must be very 
low. It is applied to all parameters that 
represent a chromosome, if the mutation 
point  has  a  Boolean  values  yes;  it  is 
replaced by no and vice versa. If it has a 
real  value,  the  new  value  is  randomly 
generated from a given interval.   
  
 
 
 
d)  Evaluation  
 
The evaluation function is based on 
certain measures that assess the quality of 
spatial  data,  is  restricted  to  a  set  of 
measures: 
OS ( object shape): calculates the loss of 
the shape of the object during processing. 
For  buildings  we  compute  the 
differentiation  in  the  surface  S  and  for 
roads, using measures of McMaster [14]: 
 
) (McMaster        S OS                  (1)  
 
 A minimum number is a good solution. 
 
  NC:  number  of  objects  in  conflict,  a 
minimum number is a good solution. 
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of each object has been displaced from its 
starting position. 
 
    
n
i dx DB
1
2
i
2 dy                          (2)         
 Also, a minimum number is a good 
solution. 
 
So, the general function is: 
 
OS DP NC f                       (3)         
 
The  optimal  solution  is  one  that  has  the 
smallest  value  of  general  function.  After 
each  iteration  (selection,  crossover, 
mutation), agents in conflicts exchange the 
messages for calculate the value of fitness 
which  permit  to  select  the  best 
chromosome,  i.e.  chromosomes  with 
minimum fitness. After this step, it retains 
only the most relevant solutions.  
 
e)  Stop condition 
 
The algorithm can stopped for three 
reasons,  when  it  achieve  certain  fitness, 
when it achieve a set number of iterations 
or  when  it  have  passed  a  certain  running 
time. In the two latter cases, we choose the 
solution that has the best fitness. The agent 
receive  the  fitness  values  of  other  agents, 
the  comparative  system  has  an  important 
role to choose the optimal action. 
 
4  THE INITIAL RESULTS  
 
This  experimentation  is  intended  to  both 
clarify and illustrate the ideas and concepts 
of our approach. So, all spatial objects are 
represented  by  genetic  agents.  We  have 
implemented  the  different  algorithms  of 
generalization  such  as  the  algorithms  of 
reducing the size and displacement one. We 
implement  also  the  various  steps  of  the 
genetic  algorithm;  selection,  crossover, 
mutation,  and  the  fitness  function  for 
evaluate the solution which composed of a 
sequence of generalization algorithms with 
good parametric values to guide an optimal 
generalization process.  
 
The algorithms and the agents have been 
implemented  in  Java  using  the  platform 
JADE. The optimizer of each genetic agent 
executes a genetic algorithm which follows 
the classical steps: selection, crossover and 
mutation (see section 4.4). We use in this 
experimentation sets of data (buildings and 
roads)  extracted  from  cadastral  data.  An 
example  of  initial  results  is  illustrated  in 
Figure 5. 
 
Figure 5  Generalization results  
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method  is  very  promising,  it  is  highly 
recommended to follow this way to make 
the results better. 
 
5  CONCLUSION  
 
This approach will allow agents to 
cooperate  so  as  to  find  the  best  action 
possible  between  proposed  scenarios.  So, 
each  geographic  agent  has  equipped  of 
patrimony  genetic,  and  then  each  ones 
executes  a  genetic  algorithm  to  determine 
the optimal action executed according to its 
current  state,  in  condition  to  satisfy  the 
most  possible  cartographic  constraints. 
Then,  the  geographic  agents  in  conflict 
exchanged  the  messages.  These  messages 
are  received by a comparison  system that 
allows  determining  the  optimal  action 
which will execute by the geographic agent. 
 
The initial experiments have shown 
us  the  potential  advantages  of  using 
collaborative  agent  communities  which 
each  agent  has  equipped  by  patrimony 
genetic  to  optimise  the  generalization 
process. These advantages are: 
 
-  Each geographic agent can define the 
optimal actions of generalization and it 
can generate its self. 
-  Each agent can adapt its generalization 
with the other geographic agent. 
Own work open very direction of research: 
–  In generally, the map not only contains 
polyline and polygon features. Thus, it 
will  must  expanded  this  method  for 
generate  another  features  as  point 
features.  
–  Adapted this method in on-demand web 
mapping will be our future work. 
 
 
 
6  REFERENCES 
 
1.  Cécile  Duchêne,  “The  CartACom  model:  a 
generalisation  model  for  taking  relational 
constraints into account”, 7
th ICA Workshop on 
Generalisation  and  Multiple  representations, 
Leicester, UK (2004). 
2.  Ruas A., “Mod￨le de g￩n￩ralisation de donn￩es 
géographiques  à  base  de  contraintes  et 
d’autonomie”,  PhD  thesis,  université  of    
“Marne-la-Vallée”, France (1999). 
3.  Ruas A., Dyevre A., Duchêne C., Taillandier P., 
“Methods  for  improving  and  updating  the 
knowledge  of  a  generalization  system”,  16
th 
AutoCarto  conference,  Vancouver,  Canada 
(2006). 
4.  Regnauld N., “Constraints based Mechanism to 
achieve  automatic  generalization  using  agent 
modelling”,  Proceedings  of  GIS  Research  UK 
9
th Annual Conference, pp.329–332, university 
of Glamorgan, UK (2001). 
5.  Bader  M.,  “Energy  Minimizing  Methods  for 
Feature Displacement in Map Generalization”, 
PhD  thesis,  Department  of  Geography, 
University of Zurich (2001). 
6.  Ruas A., “A Method for building displacement 
in automated map generalisation”, International 
Journal  Geographic  Information  Systems 
(IJGIS) Vol.12 n°8, pp 789-803(1998). 
7.  Fritsch  E.,  “repr￩sentation  de  la  géométrie  et 
des  contraintes  cartographiques  pour  la 
g￩n￩ralisation du lin￩aire routier”,  PhD thesis, 
university of  “marne-la-valée”, France (1997). 
8.  Corinne  P.,  “Enrichissement  des  bases  de 
données  géographiques  :  analyse  de  la 
géométrie  des  objets  linéaires  pour  la 
généralisation  cartographique  (application  aux 
routes) ”,PhD thesis, University of “Marne-la-
Vallée”, France (1996). 
9.  Mistière  S.,  “GALBE:  Adaptative 
generalization,  the  need  for  an  adaptative 
700 
 
International Journal of Digital Information and Wireless Communications (IJDIWC) 1(3): 693-701  
The Society of Digital Information and Wireless Communications, 2011(ISSN 2225-658X)  process  for  automated  generalisation,  an 
example of road”, proceedings of 1
st GIS’PlaNet 
conference, lisbonne, Potugal (1998). 
10.  Weiss  G.,  “Multi-agent  Systems,  A  modern 
Approach to Distributed Artificial intelligence”, 
The Mit Press, Cambridge, MA (1999). 
11.  Holland J., “Adaptation in Natural and Artificial 
Systems”,  University  of  Michigan  Press,  Ann 
Harbor(1975). 
12.  Wilson  I.D.,  Ware  J.M.  and  Ware  J.A., 
“Reducing Graphic Conflict  in  Scale  Reduced 
Maps  Using  a  Genetic  Algorithm”,  5
th  ICA 
Workshop  on  Progress  in  Automated  Map 
Generalisation, Paris, France (2003). 
13.  DeJong  K.,  Sarma  J.,  “Generation  Gaps 
Revisited”, “Foundations of Genetic Algorithms 
2”, D. Whitley, Morgan-Kaufmann Publishers, 
San Mateo (1993). 
14.  McMaster,  R.B.,  “Mathematical  measures  for 
the  evaluation  of  simplified  lines  on  maps”, 
PhD thesis, University of Kansas., USA (1983). 
701 
 
International Journal of Digital Information and Wireless Communications (IJDIWC) 1(3): 693-701  
The Society of Digital Information and Wireless Communications, 2011(ISSN 2225-658X)  